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A B S T R A C T 
There is a need to improve pig production at least cost through various dietary manipulations and nutrient management strategies that will foster reduced environmental wastes of N, amino acids (AA), P, and Ca. This experiment was designed to estimate the effect of phytase supplementation on energy and nutrient digestibility of growing pigs fed with reduced dietary crude protein (CP) balanced with limiting AA. Experimental diets were formulated in a 3 × 2 factorial arrangement of 6 dietary treatments containing 3 CP concentrations (14, 16, and 18%) supplemented with or without 5,000 units phytase/g. Limiting AA of the diets were balanced using crystalline Lys, Met, Thr, and Trp. The 6 experimental diets were fed to 6 cannulated growing pigs (30.00 ± 2.10 kg) in a 6 × 6 Latin square arrangement of 6 diets and 6 periods. Fecal and ileal samples were collected to estimate the apparent and ileal digestibility of nutrients and energy. Apparent total tract digestibility (ATTD) of dry matter (DM), N, crude fibre, ether extract, and energy decreased (P < 0.05) linearly as CP concentration increased in the diets. Apparent ileal digestibility (AID) and ATTD of N linearly decreased (P = 0.000) by increasing CP concentration in the diets from 14 to 18%. Increasing CP concentration linearly increased ATTD (P = 0.002) and AID (P = 0.003) of P. Greater ATTD and (AID) (P < 0.001) of nutrients and energy were observed with pigs fed diets supplemented with phytase.   Apparent ileal digestibility of Lys, Met, Thr, Trp, and Glu decreased linearly and quadratically (P < 0.005) while, AID of Arg, His, Iso, Leu, Phe, Val, Ala, Asp, Cys, Gly, Pro, Ser and Tyr improved (P = 0.000) linearly and quadratically as dietary CP increased from 14 to 18 % CP. Dietary supplementation with phytase improved (P < 0.001) AID of all the essential amino acids.  Arg, His, Ile, Leu, Asp, and Pro were not affected by CP and phytase interaction. Greater (P < 0.001) AID values were observed for all AA following phytase supplementation. It was concluded from the present study that 2 and 4% reduction in dietary CP balanced with Lys. Met, Thr, and Trp resulted in improved ATTD and AID of DM, N and AID of the supplemented AA in growing pigs. Pigs fed diets supplemented with phytase had better ATTD and AID of nutrients and energy than those fed without phytase supplementation
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Highlights
	Apparent ileal digestibility of amino acid (AA) improved with 5,000 units phytase/g.
	Digestibility of Lys, Met, Thr, and Trp increased with the increased inclusion rate in the diet.
	Digestibility of P is greatest in high-crude protein (CP) diet with phytase. 




Pork meat has been regarded as the most consumed meat globally out of all other livestock species constituting about 37% of world’s meat consumption (McGlone, 2013). The future growth in the world’s population is expected to increase the demand for pork meat, hence increased intensive pig production. The population of pigs in sub-Sahara Africa was projected to increase from 22 million in 2007 to 62 million by 2050 with a growth rate of 0.7% per annum, while the carcass weight was expected to increase from 74 to 81 kg per animal (FAO, 2012).  
Adequate feed formulation is important to improve the efficiency of feed utilization and ensure that the potential for pig performance is maximally reached. McAuliffe et al. (2016) showed that increasing feed efficiency and digestibility through nutrient management resulted in improved livestock growth, reduced the volume of manure generated and will consequently reduce global warming. The N and P excreted by pigs which are regarded as the second contributor to greenhouse gas emission within the livestock sector (FAO, 2011) also contributed to environmental pollution. The reduction of N2O emissions from animal manure without compromising improved production was reported using low-protein diet technique (Osada et al., 2011). Conventionally, reduction in dietary protein content results in a concomitant decrease in the intake of amino acids (AA) and N (Portejoie et al. 2004; Wang et al. 2012), thereby limiting synthesis of AA. 
Phosphorus is present in the form of phytic acid in ingredients of plant origin. Pigs do not have sufficient phytase within their gastrointestinal tracts to utilise these phytic acids hence, P availability is limited in pigs. One possible solution to improve P digestion and nutrient absorption in pigs is the use of phytase (Cowieson et al., 2014). Phytase is an enzyme supplemented to animal feeds to increase the utilization of phytate-bond P from plant based ingredients and thus, reduce the amount of phytate P that is excreted into manure and the environment. In addition to increasing the P availability, phytase improve the digestibility of energy, minerals and amino acids, enabling reduced nutrient content to be effectively utilised in practical diet formulation (Rodrigues et al., 2011). There is therefore the need to optimize the use of N rich ingredients in pig ration so as to reduce feed cost, nitrogen excretion, and greenhouse gas emission from livestock sector (Hanson et al., 2012). This study was conducted to investigate the effect of phytase supplementation on energy and nutrient digestibility of growing pigs fed reduced dietary crude protein balanced with the first four limiting amino acids (Lys, Met, Thr and Trp).

2.	Materials and methods
2.1.      Experimental animals 
A total of 6 growing Large White pigs with the average body weight of 30.00 ± 2.10 kg were used for the experiment. Pigs were individually housed in metallic cages (1.40 × 0.70 × 0.90 m) and allowed 7 d adjustment period prior the commencement of cannulation surgery. Pigs were fitted with T- shaped cannula after a longitudinal incision was made at the distal ileum as described by Nyachoti et al. (2002). The surgical operation was performed by certified veterinary surgeons from Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana following standard procedures. Pigs were further allowed 14 d recuperation period after cannulation before the commencement of study. The experiment was conducted and approved by the Animal Welfare Committee of KNUST, Kumasi, Ghana. 

2.2.	Experimental diets
A total of 6 experimental diets were formulated in a 3 × 2 factorial arrangement of dietary treatments containing very low (14% CP), low (16% CP) and normal (18% CP) dietary CP supplemented with or without phytase enzyme of 5,000 units phytase/g (Guangdong Vtr Bio-Tech Co Ltd, China) as shown in Table 1. Experimental diets were supplemented in crystalline form with limiting amino acids (L-Lys, DL-Met, L-Thr and L-Trp) to balance for the requirements of growing pigs (NRC, 2012). Acid insoluble ash (AIA) (Celite World Minerals, Lompoc, CA, US) was added into the experimental diets as an indigestible marker at 1% inclusion rate (as fed).

2.3	Experimental design and management
The design of the experiment was a 6 × 6 Latin square design of 6 experimental diets fed for 6 periods. For each period which, lasted for 7 d, 5 d were allowed for the pigs to adapt to the experimental diets, followed by a 2 d collection period of ileal digesta and fecal samples. Pigs were fed based on body weight requirement according to (NRC, 2012) at 08:00 and 16:00 h. Ileal digesta and feces collected were stored at -20°C till further laboratory analysis. Water was provided ad libitum with automated drinkers. Prior to analysis, stored ileal digesta and fecal samples (per pig in each period) were thawed, pooled, homogenized, air-dried, and ground through a 1 mm mesh before subsequent analysis.

2.4.	Chemical analysis 
Experimental diets and fecal samples were analyzed for dry matter (DM) (Method 934.01), crude fibre (CF) (Method 978.01), ether extract (EE) (Method 920.39), ash (Method 942.05), N (Method 990.03) and Ca and P (Method 990.08) using standard methods of AOAC (2000). P and Ca contents were determined using Colorimeter and Atomic Absorption Spectrophotometer, respectively. The AIA contents of diet, fecal and ileal digesta samples were measured after ashing of the samples and treating the ashed samples with 4 M of boiling HCl (Siriwan et al., 1993). Ileal digesta and diets were analyzed for AA compositions with the use of HPLC (CECIL CE 4800, UK). 
Apparent nutrient digestibility was calculated according to Kavanagh et al. (2001).

Digestibility (%) = (Nutrient conc./AIA conc.)diet – (Nutrient conc./AIAconc.)digesta        × 100
                                                         (Nutrient conc./AIA conc.)diet                                                            1
	
2.5.	Statistical analysis
Data obtained from this study were subjected to analysis of variance using SAS (2012). Treatment means were separated using Tukeys’ test of the same package at P < 0.05. The various dietary crude protein concentrations were subjected to orthogonal polynomials (linear and quadratic) using SPSS 16.0.

3.        Results
3.1.	Apparent total tract digestibility of nutrients and energy 
The effects of varying dietary concentration of CP with or without phytase supplementation on apparent total tract and ileal digestibility of nutrients is as shown on Table 3. Apparent total tract of DM (Linear and Quadratic, P = 0.001), N (Linear and Quadratic, P = 0.000), CF (Linear and Quadratic, P = 0.000), and EE digestibility (Linear, P = 0.001; Quadratic, P = 0.000) reduced linearly and quadratically, while ash (Linear and Quadratic, P = 0.000), P (Linear, P = 0.002; Quadratic, P = 0.007), and Ca digestibility (Linear, P = 0.006; Quadratic, P = 0.022) improved linearly and quadratically as the CP concentration increased in the diets. Main effect of phytase supplementation improved (P < 0.001) ATTD of all parameters measured. Apparent total tract DM, P, CF, CE, P, Ca, and energy digestibility were significantly affected by CP × phytase interaction. Growing pigs fed 18% CP diet without phytase supplementation had the least ATTD of N (P = 0.007) and CF (P > 0.001), while those fed similar diet but supplemented with phytase recorded the greatest ATTD of ash (P = 0.002), P (P = 0.022) and Ca (P > 0.001). The greatest (P > 0.001) ATTD of DM and EE were recorded with growing pigs fed phytase-supplemented diets containing 16 and 14% CP, respectively. 

3.2.	Apparent ileal digestibility of nutrients
Ileal digestibility of DM, P, Ca, and N in growing pigs were significantly affected by dietary CP concentration, phytase supplementation and CP × phytase interaction. Ileal digestibility of DM, N, P, and Ca followed similar pattern as in ATTD. Although, lower DM values and greater N, P, and Ca were observed in the ileum when compared to the corresponding ATTD values. Apparent ileal digestibility (AID) of DM and N decreased linearly and quadratically (Linear and quadratic, P = 0.000) as dietary CP level increased while, AID of P improved linearly and quadratically (Linear, P = 0.003; Quadratic, P = 0.014) as dietary CP level increased. There existed a linear improvement (P = 0.019) in AID of Ca with increasing dietary CP. Growing pigs fed diets supplemented with phytase had greater (P < 0.001) P and Ca digestibility when compared with their counterparts fed similar diets without phytase supplementation. Interaction of CP concentration and phytase supplementation (CP × phytase interaction) affected (P = 0.001) AID of DM, N, P, and Ca. Growing pigs fed 14% CP diet supplemented with phytase had the greatest (P > 0.001) AID of DM and N, while pigs fed 18% CP diet supplemented with phytase had the greatest (P > 0.001) AID of P and Ca.

3.3.	Apparent ileal digestibility of amino acids
The apparent ileal digestibility of amino acids in growing pigs fed with reduced dietary CP supplemented with or without phytase is as shown in Table 4. Apparent ileal digestibility of Lys, Met and Trp decreased linearly and quadratically (P = 0.000), while AID of Arg, His, Iso, Leu, Phe and Val improved (P = 0.000) linearly and quadratically as dietary CP increased from 14 to 18 % CP. Apparent ileal digestibility of Thr also showed a linear (P = 0.003) and quadratic reduction (P = 0.011) with increasing dietary CP. Dietary supplementation with phytase improved (P < 0.001) AID of all the essential amino acids.  
The results indicated that CP × phytase interaction significantly affected AID of Lys (P < 0.001), Phe (P = 0.002), Thr (P = 0.016), Trp (P = 0.007), and Val (P < 0.001). Growing pigs fed with 14% CP diet supplemented with phytase had the greatest AID of Lys, Thr and Trp, while those fed with 18% CP diet supplemented with phytase had the greatest AID of Phe and Val.

3.4	Ileal digestibility of non-essential amino acids
For non-essential AA, the AID of Ala, Asp, Cys, Gly, Pro, Ser and Tyr increased linearly and quadratically (P = 0.000), while the AID of Glu reduced linearly and quadratically (P = 0.000) as CP concentration increased in the diets. Greater (P < 0.001) AID values were obtained for all non-essential AA following phytase supplementation. There existed a significant CP × phytase interaction effect on AID of Ala (P < 0.001), Cys (P < 0.001), Glu (P = 0.010), Gly (P = 0.043), Ser (P < 0.001) and Tyr (P = 0.010). Growing pigs fed with 14% CP diet supplemented with phytase had the greatest AID of Glu. Greatest AID of Ala, Cys, Gly, Ser and Tyr were recorded with pigs fed with 18% CP diet supplemented with phytase.

4.	Discussion
4.1.	Apparent total tract digestibility of nutrients and energy
The improved apparent total tract digestibility (ATTD) of DM recorded in the present study with growing pigs fed phytase-supplemented diets when compared to their counterparts fed similar diets without phytase supplementation corroborated earlier reports of He et al. (2017) that phytase supplementation improved apparent DM digestibility in a corn soybean diet fed to growing pigs. The greatest ATTD of EE and gross energy obtained with growing pigs fed 14% CP diet supplemented with phytase agreed with the report of Adams and Jensen (1985) that reducing dietary CP in growing pigs resulted in improved fat digestibility. Low-CP diets are mostly associated with more available dietary energy and free fatty acids (Kerr et al., 2003). Fang et al. (2019) also reported that increasing dietary energy content of weanling pigs improved the resultant fat digestibility. Improved CF, EE and energy digestibility obtained in the present study following phytase enzyme supplementation of low-CP diets could also be linked with the release of fibre degrading enzyme, starch and α-amylase by phytase supplementation (Liao et al., 2005). Previous reports by Oliveira et al. (2014) also showed significant improvement in energy digestibility of finishing pigs fed diets supplemented with phytase.
The greatest ATTD of N obtained in the present study with growing pigs fed 14% CP diet with or without phytase enzyme supplementation could be attributed to the crystalline limiting amino acids supplemented in the low-CP diet which make the formulated feed to be balanced as ideal protein. Diets formulated using the principle of ‘ideal protein’ has been reported to optimize protein utilization (Corzo et al., 2010). In such ideal protein diets, constituent CP content may be reduced by supplemental limiting AA, which provide a more optimal AA composition. Fan et al. (2017) also reported improved CP digestibility in pigs fed with low CP diets when such diets were supplemented with limiting AA. Toledo et al. (2014) also reported improved utilization efficiency for AA following reduced dietary protein. Reduced ATTD of DM and N observed in pigs fed with 18% CP diet could be due to excretion of excess N from the diets. Wang et al. (2018) reported that feeding of high protein diets lead to excess of other essential AA and excretion of excess N, resulting in lowering efficiency of N utilization. 
Improved ATTD of P and Ca reported in the present study with increasing dietary CP corroborated the findings of Xue et al. (2017) which reported that high protein intake improve the active transportation system of P. The relatively higher ATTD of P and Ca obtained with pigs fed 18% CP diets supplemented with phytase when compared to those without phytase enzyme supplementation underscored the importance of phytase enzyme in improving P and Ca digestibility. Dietary phytase supplementation increased P availability thus, leading to more absorption of Ca in a bid to maintain improved Ca:P balance. Improved Ca and P digestibility following phytase supplementation has been reported by Blavi et al. (2017).

4.2.	Apparent ileal digestibility of nutrients
Trend observed for ileal digestibility of nutrient in the present study was similar to the pattern for total tract apparent digestibility of nutrients. Phytase supplementation of low-CP diet improved ileal digestibility of DM in growing pigs (He et al., 2017). Improved ileal digestibility of P observed in the present study following increased CP content can be attributed to additive effect of P concentration in the various feed ingredients contained in the composite diets. P digestibility is reported to be additive in mixed diets (Fang et al., 2007; Zhai and Adeola, 2013). Another possible reason could be attributed to improved protein intake following increased dietary CP which further stimulates the active transportation system of P in the small intestine (Xue et al., 2017). Woyengo et al. (2009) observed greater apparent total tract and ileal Ca and P digestibility in pigs fed with soybean meal compared to those fed with canola meal. 
Greatest ileal digestibility of P and Ca observed with growing pigs supplemented with phytase supported the fact that phytase inclusion improved the retention of P and Ca (McCormick et al., 2017). Dersjant-Li and Dusel (2016) reported greater ileal P digestibility when phytase was added in piglet diets at 1,000 units phytase/kg. Madrid et al. (2013) found that P digestibility improved by 11.8% while Ca digestibility improved by 9.3% following phytase supplementation.

4.3	Ileal digestibility of essential amino acids
The improved ileal digestibility of Lys, Thr, and Trp reported in the present study with pigs fed diet containing 14% CP suggested improved absorption and utilisation of these AA within the digestive tract. Although, protein reduction has been reported to decrease AA absorption and reduced circulating AA pool size (Qiu et al., 2016), supplemental crystalline AA in low-CP diet has been reported to increase the absorption rate of peptide and protein bound AA (Johnson, 2001). Reduction in dietary CP with supplemental indispensable crystalline AA has been reported in previous study to improve AA digestibility, reduce AA excretion and offer a better balance of AA across the gut (Shi et al., 2016). The increased apparent ileal digestibility of Arg, His, Ile, Leu, Phe, and Val obtained with growing pigs fed with 18% CP can be attributed to increased dietary CP offered to pigs.  
The impact of phytase supplementation on apparent ileal digestibility was reported to be greater on lower protein diet than normal protein diet (Fan et al., 2005). Improved ileal digestibilities of Lys, Thr and Trp observed with pigs fed phytase-supplemented diet containing 14% CP diet in this study also suggested the involvement of endogenous protein in phytate/phytase nutrition. This corroborates the work of Selle and Ravindran (2008) who reported that phytase increased the digestibility of Thr and Lys in pigs. The rate and extent of hydrolysis of reactive phytate within the intestinal tract have been reported to influence AA digestibility (Almeida et al., 2013). Phytase supplementation has been shown to release phytate-bond AA with a resultant improvement in AA digestibility (Shim et al., 2003). Proposed mechanisms of phytase action include direct release of AA from intrinsic protein-phytate complexes, preventing formation of de novo binary and ternary protein-phytate complexes in the digestive tract, and thus reducing inhibition of digestive proteases by phytic acid (Selle et al., 2000). Phytase countered the negative effect of phytate by reducing mucin secretion, reducing endogenous N appearing at the end of the ileum as observed in poultry (Cowieson et al., 2004), leading to reduced AA ﬂow and hence improved apparent digestibility of AA (Pirgozliev et al., 2011). Rodrigues et al. (2011) observed a significant improvement on ileal AA digestibility following phytase enzyme supplementation in growing pigs. Improved AA digestibility following phytase enzyme supplementation have been reported in previous studies (Cowieson et al., 2017; Selle et al., 2012; Yang et al., 2017). 

4.4	Ileal digestibility of non-essential amino acids
The greatest ileal digestibility of Ala, Asp, Cys, Gly, Pro, Ser, and Tyr found with pigs fed 18% CP might be attributed to the high protein intake. Htoo et al. (2007) reported a decrease in AID of AA with the exception of Lys, Met, Thr, Val, and Pro with a reduction in dietary CP from 24 to 20%.  Shi et al. (2016) reported no significant differences in faecal Ala, Glu, Cys, Pro, and Gly digestibility in low-CP (10%) and high-CP (16 %) diets in growing pigs. Supplementation of crystalline AA in 14% CP diet seems to improve ileal digestibility of Glu. The relatively high ileal digestibility of Glu in low-CP diets could be attributed to the Glu concentration of higher quantity of maize used in formulating low-CP diets. Glu is a major nutrient for intestinal epithelial cells in pigs and essential precursor for the synthesis of purine and pyrimidine nucleotides which are crucial for proliferation of cells (Wu et al., 1995). 
 
5.	Conclusion 
The need to improve feed utilization and pig performance is hinged upon efficient nutrient and AA management. The present study shows that 2 and 4% reduction in dietary CP balanced with the first four limiting AA in pigs supplemented with phytase improved ATTD and AID of DM and N. Apparent ileal digestibility of supplemental AA and Glu were greatest in growing pigs by reducing dietary CP levels from 18 to 14%. Except for the supplemented AA (Lys, Met, Thr, Trp) and Glu, apparent ileal digestibility was greatest in growing pigs fed 18% CP diets. Pigs fed diets supplemented with phytase had better ATTD and AID of nutrients and energy than those fed without phytase supplementation.
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Table 1 - Gross composition of experimental diets as fed to growing pigs (g/kg).
Dietary CP 1 Level (g/kg)	140.00	160.00	180.00
Ingredients.			
Maize. 	727.00	693.50	660.00











Acid insoluble ash 3. 	10.00	10.00	10.00
Total 	1000	1000	1000




















2Provided vitamin-mineral premix per kg diet: Vitamin A 20,000 IU; vitamin D3 3,750 IU; vitamin E 6.25 mg; vitamin k3 2.5 mg; vitamin B1 mg; vitamin B2 5.0 mg; vitamin B12 12.5µg; folic acid 1.25 mg; niacin 20 mg; calcium D-Panthotenate 5.0 mg; choline chloride 125 mg; manganese 125 mg; zinc 100 mg; copper 11.25 mg; iodine 2.5 mg; selenium 0.25 mg; butylated hydrotoluene 25 mg. iron 45 mg









Table 2 - Determined amino acid composition of experimental diets (DM g/kg)
Dietary crude protein levels (g/kg)	140.0	160.0	180.0



































Table 3 - Apparent total tract and ileal digestibility of energy and nutrients in growing pigs fed with reduced crude protein diets supplemented with or without exogenous phytase (DM basis)

	Without phytase		With phytase (5,000 units/g)			P- values
CP1 (%)	14	16	18		14	16	18	SEM2	CP	Phytase	CP × phytase
Parameter (%)									Ln3	Qd4		
ATTD5.												
Dry matter.	85.49	82.24	80.36		  86.35	88.67	84.37	0.46	 0.001	0.001	  < 0.001	< 0.001
Nitrogen.	73.61	69.40	65.56		  73.47	69.10	68.59	0.48	 0.000	0.000	< 0.001	 0.007
Crude fibre.	71.02	70.48	67.66		  72.98	72.36	70.18	0.29	 0.000	0.000	< 0.001	< 0.001
Ether extract.	73.65	70.61	70.23		  77.75	71.04	74.45	0.45	 0.001	0.000	< 0.001	< 0.001
Ash. 	69.56	71.49	75.44		  73.38	75.54	76.68	0.45	 0.000	0.000	< 0.001	 0.002
Phosphorus.	33.51	35.44	38.26		  40.23	42.24	45.50	0.68	 0.002	0.007	< 0.001	 0.022
Calcium. 	54.25	55.40	57.40		  60.37	63.33	67.44	0.78	 0.006	0.022	< 0.001	< 0.001
Gross energy	75.48	75.45	75.51		  77.27	76.75	75.54	0.14	 0.002	0.007	< 0.001	< 0.001
AID6												
Dry matter.	68.37	67.56	65.69		  70.59	67.22	66.59	0.26	 0.000	0.000	< 0.001	< 0.001
Nitrogen	78.40	73.50	70.62		  81.61	73.86	73.17	0.62	 0.000	0.000	< 0.001	< 0.001
Phosphorus.	34.39	35.71	39.35		  41.39	44.42	46.59	0.74	 0.003	0.014	< 0.001	< 0.001
Calcium.	53.11	53.86	55.46		  58.46	61.50	63.40	0.65	 0.019	0.068	< 0.001	< 0.001

           1Crude protein, 2 Standard error of means, 3 Linear, 4 Quadratic.5Apparent total tract digestibility, 6Apparent ileal digestibility	




Table 4 - Apparent ileal digestibility of amino acids in growing pigs fed with reduced crude protein diets supplemented with or without exogenous phytase (DM basis).
	Without phytase		With phytase (5,000 units/g)			P- values
CP1 (%)	14	16	18		14	16	18	SEM2	CP	Phytase	CP × phytase
Parameter (%)									Ln3	Qd4		
Essential AA5												
Arginine.	84.81	86.35	89.02		85.45	87.28	89.84	0.32	 0.000	 0.000	  < 0.001	0.805
Histidine.	81.09	81.24	82.50		82.18	82.44	84.11	0.17	 0.000	 0.000	< 0.001	0.057
Isoleucine.	78.26	80.43	82.40		79.37	81.12	83.33	0.30	 0.000	 0.000	< 0.001	0.330
Leucine.	79.16	80.14	81.50		80.08	81.89	83.16	0.24	 0.000	 0.000	< 0.001	0.087
Lysine.	84.94	83.50	82.40		85.72	85.15	84.72	0.20	 0.000	 0.000	< 0.001	< 0.001
Methionine.	86.49	84.54	83.16		87.64	85.77	84.85	0.25	 0.000	 0.000	< 0.001	0.177
Phenylalanine.	78.51	80.00	82.30		80.50	81.43	85.32	0.37	 0.000	 0.000	< 0.001	0.002
Threonine	76.46	75.21	74.57		78.33	77.41	77.16	0.22	 0.003	 0.011	< 0.001	0.016
Tryptophan.	79.97	77.87	76.61		81.53	79.47	79.29	0.27	 0.000	 0.000	< 0.001	0.007
Valine.	71.47	73.16	75.21		72.44	75.51	78.44	0.40	 0.000	 0.000	< 0.001	< 0.001
Non-essential AA.												
Alanine.	70.76	72.76	76.16		71.29	73.45	77.60	0.42	 0.000	 0.000	< 0.001	< 0.001
Aspartic acid.	72.83	73.63	75.24		73.78	75.08	76.78	0.23	 0.000	 0.000	< 0.001	0.086
Cysteine.	84.52	85.76	87.40		85.51	88.23	89.29	0.28	 0.000	 0.000	< 0.001	< 0.001
Glutamic acid.	83.69	81.52	80.28		85.55	82.76	82.29	0.29	 0.000	 0.000	< 0.001	0.010
Glycine.	70.89	72.55	73.59		72.33	73.48	75.22	0.23	 0.000	 0.000	< 0.001	0.043
Proline.	70.56	71.81	73.08		71.44	72.85	74.37	0.21	 0.000	 0.000	< 0.001	0.115
Serine.	71.54	73.25	74.98		72.65	76.13	77.16	0.34	 0.000	 0.000	< 0.001	< 0.001
Tyrosine.	73.63	74.26	76.30		74.63	75.71	78.45	0.27	 0.000	 0.000	< 0.001	0.001
1 Crude protein, 2 Standard error of means, 3linear, 4Quadratic 5 Amino acid.
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